Reed pans are a very uncommon type of endorheic wetland, and as such the amount of information available is very limited. Thus, they are being impacted on by various agricultural, livestock and other anthropogenic activities. The objectives of this study were to determine the spatial and temporal variations of macroinvertebrate community structures in reed pans and the environmental factors (i.e., water quality) responsible for the maintenance of these structures. Reed pans were studied over four different seasons, during which time subsurface water, sediment and macroinvertebrate samples were collected and analyzed. The reed pans studied showed that the macroinvertebrates were able to reflect various changes in reed pans with regard to seasonal variability and anthropogenic impacts on water quality. These anthropogenic impacts caused the disappearance of sensitive macroinvertebrate taxa and the increase of tolerant macroinvertebrate taxa.
Introduction
Pans are found throughout the world and are predominantly concentrated in arid regions. These areas include North America, Argentina, Brazil, southern and central Africa as well as southern and western Australia. Pans are also present in most of South Africa's neighboring countries, including Namibia, Botswana and Zimbabwe [1] . In South Africa, most of the pans are situated in the arid north-western regions in areas with a mean annual rainfall of 500 mm [2] . However, in the eastern province of South Africa (Mpumalanga) is an area densely covered with about 320 pans (of which ± 2.3% are reed pans) and known as the Mpumalanga Lakes District (MLD) [3, 4] . Unlike other pan fields in the country, the MLD is situated in a relatively humid area with a mean annual precipitation of between 800 and 1000 mm [5] . It is in this area that a different type of wetland is found in South Africa, namely reed pans. Reed pans, which are classified as a type of pan [6] , are usually defined as containing dense colonies of reeds and sedges [7] , as well as a floating reed-covered mat within the pan, with high water levels maintained throughout the year [4] .
Aquatic ecosystems, for example reed pans, can be affected by a variety of human activities. These include point-source pollution (e.g., factories or sewage works), non-point source pollution (e.g., runoff from agriculture, urban or mining areas), changing characteristics (e.g., through sedimentation), the removal of riparian vegetation or the introduction of exotic or alien species [8] . These activities are known to impact the integrity of these systems and as such scientific techniques are used to indicate environmental integrity. The use of biological indicators is known to supplement conventional chemical and physical monitoring and greatly improves the assessment of the ecological integrity of water resources [8, 9] . The most commonly used aquatic organisms for biomonitoring are aquatic macroinvertebrates [10] . They can act as indicators of disturbance, because they are adapted to specific habitats, substrate types, temperature, dissolved oxygen, etc., and thus these disturbances are reflected in the changes of the types and abundances of aquatic macroinvertebrates [11, 12] . These changes are able to indicate alterations as a result of human-induced disturbances [13] . Aquatic macroinvertebrates are particularly sensitive to organic and various other compounds [14] and they have the ability to integrate these effects during their lifetime [9] .
Most of the pans in South Africa are mainly shallow and temporary in nature. These temporary waters are usually host to diverse taxa, often mainly characterized by crustacean orders, where some might only be represented by larval stages [15] . Due to the differences in the inundation period between the non-perrenial pans and their perennial counterparts we expected that the macroinvertebrate assemblages would also differ vastly. In contrast to the perennial pans in the MLD (especially reed pans), pans in the north-western regions of South Africa have been the focus of most studies conducted on pans in South Africa. Perennial pans are also very scarce in South Africa (especially reed pans).
Because of the limited information available on these wetlands and in the face of ever increasing land use activities, a study was deemed necessary to evaluate the macroinvertebrate assemblages present in reed pans and their seasonal changes. This study is a first attempt to gather sufficient information on macroinvertebrate assemblages in reed pans so as to determine the use of these organisms as biological indicators of the environmental integrity (namely water quality) of reed pans. Thus, the aim of this study was to determine the temporal and spatial changes in the aquatic macroinvertebrate assemblages within reed pans, over different seasons and hydrological extremes on the Mpumalanga Highveld in South Africa.
Materials and Methods

Study Area
This study was conducted within the MLD near the town of Chrissiesmeer in the Mpumalanga Province, South Africa. Four reed pans were selected in the Chrissiesmeer area (Figure 1 ) that were sampled during four consecutive seasons, namely Autumn (AUT), Winter (WIN), Spring (SPR) and Summer (SUM). In so doing we were able to account for the different hydrological extremes experienced within these wetlands. The four selected reed pans, namely Klein Tevrede se Pan (KT), Groot Tevrede se Pan (GT), Goedverwachting se Pan (GO) and Swaeltjie Pan (SW) were selected due to ease of accessibility, as well as the fact that they are impacted upon by adjacent land use practices (which includes dryland ag- riculture, intensive irrigation and livestock) to varying degrees.
Water Quality
During this study a detailed chemical assessment of the surface waters of the four selected reed pans was carried out and published in [16] . This included measuring in situ water quality parameters (pH, temperature, conductivity as well as dissolved oxygen) using Eutech Instrument's handheld water quality meters. Water samples were collected in triplicate using pre-cleaned polypropylene containers and analysed for ammonium ( to the equations described by [19] . The concentrations of dissolved metals in the water samples were measured using an Inductively Coupled Plasma-Optical Emission Spectrometer (ICP-OES), as well as an Inductively Coupled Plasma-Mass Spectrometer (ICP-MS). The following metals were analyzed, namely arsenic (As), cadmium (Cd), chromium (Cr), copper (Cu), iron (Fe), lead (Pb), manganese (Mn), molybdenum (Mo), nickel (Ni), selenium (Se), strontium (Sr), uranium (U) and zinc (Zn). For the purposes of this paper only the most influential variables of the selected abiotic variables mentioned above, as determined in [16] , will be used. Quality control and quality assurance protocols were followed with each batch of samples through the inclusion of blanks, certified reference materials and matrix spikes, as well as by doing a standard calibration run.
Macroinvertebrates
Aquatic macroinvertebrates were sampled in each of the selected reed pans from all of the available invertebrate biotopes which were identified according to [20] . Various invertebrate sampling techniques were used to determine which would provide a representative sample of aquatic macroinvertebrates within reed pans and the results were published in [21] . The methods used, included the use of aquatic light traps, benthic sampling, emergent traps, plankton nets, sweep nets, as well as terrestrial light traps. All of the macroinvertebrate specimens sampled were identified to the lowest taxonomic level possible using a dissection microscope and guides to the Fresh Water Invertebrates of Southern Africa [22] [23] [24] [25] [26] [27] [28] [29] [30] . Most of the collected specimens were identified to genus level, some to species level, and the remainder to family or higher levels.
Statistical Analysis
To determine the changes in macroinvertebrate community compositions on a temporal and spatial scale, the most appropriate univariate and multivariate statistical analysis methods were used. Univariate analysis (i.e., diversity and richness indices) was used to describe macroinvertebrate species-abundance relations with the help of the software program PRIMER Version 6.0 [31] . These indices included Margalef's species richness index (d) [32] and the Shannon's diversity index (H') [33] . Analysis of variance (ANOVA) was used to determine any significant differences with significance assumed as a probability level of p ≤ 0.05. A K-dominance plot was constructed to determine any increased dominance of one family relative to other sites and seasons. For this purpose the software program PRIMER Version 6.0 was used and the data were log-transformed. Multivariate statistics, namely redundancy analysis (RDA) plots were used to determine the relationship between macroinvertebrate community structures and selected water quality variables with the help of the software program CANOCO version 4.5 [34] . The data were log-transformed and the significance of the RDA axes was tested using Monte Carlo permutation tests (499 permutations). The different sites presented on these two-dimensional plots reflect their relative similarity or dissimilarity to each other in terms of the macroinvertebrate assemblages with the water quality variables overlain. The arrows in an ordination plot can indicate whether any correlation between variables exist depending on whether the angles between them are acute or not.
Results
The results of the most influential water quality data obtained within the four selected reed pans are summarized and presented in As with the nutrients, the COD, turbidity and chlorophyll a concentrations were also high at GO (approximately 32 mg/l, 29 NTU and 29.857 µg/l, respectively). The pH levels remained relatively similar between the different sites (~7.44), while conductivity levels were lower at GO and SW (988.5 mS/cm and 819 mS/cm, respectively) when compared to GT and KT (2273 mS/cm and 1614.5 mS/cm, respectively). When determining the changes in diversity of the aquatic macroinvertebrates in the selected reed pans (Figure 3) , it was found that the highest total number of taxa was found during SPR (Figure 3(a) ) and at Groot Tevrede se Pan (Figure 3(b) ). The Shannon diversity index (Figure 3(a) ) also showed the highest diversity occurring during SPR, as well as a high diversity at Groot Tevrede se Pan (Figure 3(b) ). Margalef's species richness index is used to indicate species diversity and abundance and was included to compliment the results obtained from Shannon's diversity index. Margalef's species richness index also indicated that the highest level of diversity and abundance of macroinvertebrates was found in Groot Tevrede se Pan and during SPR (Figure  3) , with a significant difference (p < 0.05) between the scores obtained between this pan and Goedverwachting se Pan. Spatially, both Klein Tevrede se Pan and Swaeltjie Pan scores showed a slightly lower macroinvertebrate abundance, richness and diversity than those of Groot Tevrede se Pan, while Goedverwachting se Pan consistently had the lowest scores. These diversity results are based on the list of aquatic macroinvertebrates sampled and identified from the respective reed pans ( Table 1) .
The K-dominance curves presented in Figure 4 are in the form of ranked species abundance curves. From the data it can be seen that the K-dominance curve from the different reed pans during the different seasons all have a typical sigmoidal curve. This indicates a balanced community of aquatic macroinvertebrates in all four reed pans studied throughout the four different seasons. Thus, no dominance of a single species can be observed which means that as the abundance of the macroinvertebrates increased, the diversity also increased. Based on the RDA triplot (Figure 5) , it can be seen that reed pans differ temporally with regard to their macroinvertebrate assemblages with a distinction between the warmer spring (blue indication) and summer (green indication) and the colder autumn and winter seasons (red indication). As with the diversity indices studied in Figure 3 , the highest diversity was also found to occur during the warmer seasons ( Figure 5) . In addition to this, a difference was also observed between spring and summer seasons, with more tolerant macroinvertebrates (e.g., Culicidae and Oligochaeta) present during summer which coincides with an increase in nutrient enrichment during this period (thus a decrease in water quality).
(a)
Discussion
According to [35] , multivariate similarity measures can be used successfully to indicate biodiversity changes using ordination. Ordination plots using species composition are particularly effective in detecting diversity changes, seeing that the first macroinvertebrate biodiversity changes usually occur as a result of species replacing one another, rather than resulting from a reduction in richness [36] . Ordination plots can also be used to characterize a wetland, produce stable patterns, detect turnover and predict changes likely to occur as a result of anthropogenic activities [37] . It was evident from the results ( Figure 5 ) that the macroinvertebrate abundance data in reed pans show a distinct difference between cold and warm seasons. This difference may be due to the increase in productivity during the warmer seasons, which leads to a regeneration of plants and animals during this period [38] . Thus, the abundance and diversity of aquatic macroinvertebrates were greatest during the warmer (spring/ summer) seasons. This was also evident from the univariate diversity indices (Figure 3(a) ), which showed an increase in macroinvertebrate abundance, richness and diversity during the warmer seasons. A variance in macroinvertebrate taxa, richness and diversity was also observed between the spring and summer seasons (Figure 5) , which may be attributed to the deteriorating water quality which occurs during summer. This is the result of increased rainfall which transports enhanced levels of silt and soil, as well as associated nutrients, salts and pollutants into these pans [39] . This may be due to the agricultural practices occurring within the catchments of these pans which have the ability to increase nutrient inputs [40] or by increasing sedimentation which results in a reduction of primary productivity [41] . This corresponds to the water quality assessment done within these pans (Figure 2) where an increase in nutriaents and turbidity was observed during SUM. The activeity of these practices also corresponds to the higher rainfall periods. Pollution in aquatic systems may cause the community structure of organisms to change, as opportunistic species start to dominate [37, 40, 42] . From the results it was observed that there was an increase in more tolerant macroinvertebrate taxa, e.g. Chironomidae and Oligochaeta, during summer, which is characteristic of stressed aquatic systems [43] . Chironomidae can tolerate the effects of pollution, such as low oxygen levels, as it contains haemoglobin in its blood [44] and may exploit stressed systems when there is a lack of competitors [45], while Oligochaeta is generally linked with unfavourable conditions, for example nutrient enrichment and organic pollution [42, 46] . The extent of this exploitation by less sensitive taxa does not appear to have resulted in a complete community imbalance as yet, as from Figure 4 it can been seen that a balanced community of aquatic macroinvertebrates is mostly still present.
The determination of macroinvertebrate taxa richness is known as a good indication of the water quality of an aquatic ecosystem [47] . Contamination of these systems results in intolerant species disappearing, which decreases the macroinvertebrate taxa richness [42] . The results obtained from the various univariate and multivariate statistical analysis during this study indicates that the greatest macroinvertebrate abundance, richness and diversity were found at Groot Tevrede se Pan. The opposite was found at Goedverwachting se Pan, which may be as a result of increased runoff as this reed pan had the most noticeable increase in nutrients and suspended material. The change in macroinvertebrate community structure found at Goeverwachting se Pan can also be used as an indication of the loss of riparian vegetation surrounding this pan [48] . The slightly lower macroinvertebrate abundance, richness and diversity found at Klein Tevrede se Pan and Swaeltjie Pan, when compared to Groot Tevrede se Pan, may be as a result of the sheer size of Groot Tevrede se Pan relative to that of Klein Tevrede se Pan and Swaeltjie Pan. The many and varied taxa are supported by different substrates. Thus, complex substrates (e.g., gravel, leaves, macrophytes, etc.) support more taxa than simple substrates [49] . Groot Tevrede se Pan may therefore contain more complex substrates and is thus able to support a higher macroinvertebrate abundance, richness and diversity.
Thus, through the findings mentioned in this article, it can be seen that aquatic macroinvertebrates have the potential to be used as biological indicators of water quality within reed pans and can be used for the better management and protection of these systems.
Conclusion
Based on the data collected from this study it is clear that macroinvertebrates reflect various changes in reed pans with regard to seasonal variability and anthropogenic impacts on water quality. The greatest macroinvertebrate abundance, richness and diversity occurred during the warm (spring/summer) seasons, while the impacts on water quality occurred mostly during summer. Thus, macroinvertebrates can be used as a biomonitoring tool in reed pans to monitor impacts on water quality within these systems and in so doing aid in the better management and protection of reed pans.
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